Introduction
Adoption in the western context implies the formal and legalized placing of a child in a family other than the biological family. In much of the tropical world it implies rather the assumption of responsibility for the child, for a variety of reasons, by a family other than the immediate biological family. Such adoption is a common practice throughout Papua New Guinea and the Pacific Islands. Whilst there are provisions within Papua New Guinea law for both statutory and customary adoption, 1 most adoptions are informal. In a recent study from the Western Highlands province, the majority of the adoptive parents were unaware of the law's existence, only eight of 100 adoptive parents had made contact with the Welfare department and only two had signed adoption papers. 2 It has generally been assumed that adoption within the customary framework is beneficial for the child. Attention was drawn to the fact that this may not be so by a small hospital-based study from Goroka in the Eastern Highlands Province in which adoption was found to be a risk factor for child abuse. 3 In a recent hospital-based study, also from Goroka, 45 per cent of children admitted with marasmus were adopted, and adoption was heavily associated with mortality. 4 In contrast, in the outpatient-based study from Mount Hagen, the capital of the Western Highlands province, nutritional and health status of adopted children was similar to that of controls. 2 Port Moresby, the capital city of Papua New Guinea, has a population of some 350 000 and an annual growth rate of approximately 4.7 per cent. 5 Its population originates from all parts of the country. It has a wealthy elite, a professional 'middle class' and a large proportion of people living in low cost, or in makeshift housing in planned and unplanned settlements. The one public hospital admits around 4000 children to its paediatric wards each year. As in most of the tropical developing world, the main causes of admission are pneumonia, diarrhoeal diseases, malaria, meningitis and tuberculosis. 6 Malnutrition plays a significant role in the presentation of many of these children, particularly those with diarrhoeal disease. HIV infection is increasingly common but not yet a major cause of admission to the children's wards. Over recent years paediatricians have noted an apparent increase in the number of adopted children being admitted, and it was felt appropriate to assess these children to see if they are at particularly high risk of morbidity and mortality. The study therefore aimed to assess adoption as a risk factor for 
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We report a study of adopted children admitted to the children's wards of Port Moresby General Hospital, Papua New Guinea over a 5-month period in 2000. The proportion of hospitalized children known to be adopted was almost three times that in the children's outpatients department. Gastroenteritis and neonatal sepsis were more common causes of admission in adopted children than in the general paediatric hospital population. Admitted adopted children were lighter and shorter than the controls with no difference in weight-for-height, suggesting that stunting is the predominant nutritional problem among adopted children. These differences were even more marked in children with diagnoses other than gastroenteritis. Thirty-three (82.5 per cent) of the adopted children had ever been bottle fed compared with 11 (13.75 per cent) of the controls (p = 0.029). Twelve (30 per cent) children had been adopted because of neglect or abandonment. The biological mothers of seven of these children had died, and two children had been bought for cash. Biological mothers were more likely than the adoptive or control mothers to be single and less than 20 years of age. Knowledge of formal adoption procedures was very poor. The present study therefore shows that adoption in Papua New Guinea is not without risk and it is important that adoption should be recognized as having the potential for serious adverse effects on the child's well-being, especially since adoption is likely to become even more prevalent as the HIV epidemic continues. Consideration needs to be given to protection of the rights of children at high risk of adoption. hospital admission, malnutrition and mortality, and aimed to assess the reasons for adoption, the socioeconomic background of adopting, and, where possible, biological parents, and the knowledge of adopting parents concerning legal adoption procedures.
Methods
The number and frequency of adopted children presenting to the children's outpatient department of the hospital was ascertained by direct questioning of parents or guardians at triage on seven different days. The results were compared with the number and frequency of those admitted to the hospital. The paediatric unit audits during the time of the study were examined to determine the frequencies of the admission diagnoses.
In order to compare adopted with other admitted children a prospective case-controlled study was carried out. Each of 40 adopted children admitted to the paediatric wards between March and July 2000 was included along with the next two non-adopted children matched for admitting diagnosis and for age within 1 month.
A structured interview was conducted with the guardian of each child. A pre-tested questionnaire was used to collect data on the socio-economic background of the adopting and control parents, the feeding practices employed, the reasons for adoption and, where possible, the socio-economic background of the biological mother. An assessment of nutritional status was made by examination of the infants' health record books (kept by mothers). An infantometer was used to measure the supine length of children less than 2 years of age, and the standing height of those 2 years or older. Children less than 2 years of age were weighed on a pan type Paediatric Seca scale, whilst those older than 2 years were weighed on a foot scale. The infantometer is reported to have an accuracy of 1 mm, whilst the pan weighing is accurate to 10 g and the foot scale to 100 g. 7 Data was entered in the EP16 program and analysed using SPSS for Windows. Proportions were compared using the 2 or Fisher's exact tests. A probability value of <0.05 was regarded as statistically significant. Odds ratios and 95 per cent confidence intervals were calculated where appropriate. Nutritional status was determined using the Epinut program from the EpiInfo package. Group and subgroup Z scores for weight-for-age, height-for-age and weight-for-height, and mean values were compared using Student's t-test.
Results Forty of 1560 children (2.6 per cent) admitted to the children's ward during the 5 months of the study were known to be adopted while only 13 of 1390 children (0.9 per cent) seen over 7 days at the children's outpatients department were adopted. Adoption was therefore a significant risk factor for admission to the ward [OR 2.79 (1.44-5.50)].
Pneumonia and gastroenteritis were the commonest causes for admission among the adopted, with 13/40 (33 per cent) each (Table 1) . Meningitis (n = 5), neonatal sepsis (n = 4), malnutrition, TB and typhoid accounted for the remainder. During the 4 months of the study period for which monthly audits were retrieved, 366 (28.6 per cent) of 1287 children with recorded diagnoses (excluding the case children) were admitted to the children's ward with a diagnosis of pneumonia, 157 (12.2 per cent) with malaria, 100 (7.8 per cent) with gastroenteritis, 87 (6.8 per cent) with bacterial meningitis, and 45 (3.5 per cent) with neonatal sepsis. Gastroenteritis was significantly more common in the adopted babies than in the general paediatric hospital population [exact OR 5.72 (2.62-11.86)]. Neonatal sepsis was also more common, although the difference just failed to reach statistical significance [exact OR 3.07 (0.76-9.10), p = 0.056].
The age and sex distribution of the adopted children admitted to the ward and selected controls are shown in Table 2 .
The general nutritional status of the children studied was poor (Table 3) , with mean weight-for-age, height-for-age and weight-for-height Z scores being well below 0 (albeit with wide SD). Overall, adopted children were significantly lighter (p = 0.024) and shorter (p = 0.03) than their controls but there was no difference in weight-for-height. In the group considered most vulnerable (1-11 months) the adopted children were significantly shorter than controls (p = 0.025) but differences in weight did not reach significance (p = 0.075). There were no apparent differences in the older children. Analysis of nutritional status of the children with gastroenteritis (Table  4) showed no differences between cases and controls, but for those with diagnoses other than gastroenteritis the differences in weight and height were highly significant (weight-for-age p = 0.005, height p = 0.029). There were no differences in nutritional status between the adopted children with and without gastroenteritis, but the control children with gastroenteritis were significantly lighter than those with other diagnoses (p = 0.011). Thirty-three (82.5 per cent) of the adopted children and 11 (13.75 per cent) of the controls had been bottle-fed (Yates corrected 2 p = 0.029). This proportion was comparable for children with diarrhoea, i.e. 12/13 (92.3 per cent) in adopted children, compared with five of 26 (19.2 per cent) controls. Three (7.5 per cent) adopted children and three (3.75 per cent) of the controls died (Fisher's exact test p = 0.31). There was one neonatal death and two deaths in the 1-12 months age range in each group.
Twelve of the children were reportedly adopted because they were neglected or abandoned. In seven of these cases, the biological mother had died. Two had been bought with cash. The mothers of two of the remaining three had run off, and one was physically handicapped.
Seventy per cent of the adoptions had resulted from verbal agreement between two persons or families. Only five adoptive mothers had seen the welfare department and the remaining mothers had no idea of adoption procedures or how to obtain information. Significantly more of the biological mothers were single and/or aged less than 20 than the adoptive or control mothers (p < 0.001 and p = 0.006, respectively; Fisher's exact test). Differences in these parameters between adoptive and control mothers were not significant. There were no significant differences in the mothers' education status, paternal source of income, or house ownership between mothers (Table 5 ).
Discussion
The connotations of the term 'adoption' vary in different cultural settings. In western societies adoption is usually the result either of children having been orphaned or having been removed from dysfunctional families by the state. Adoption in infancy is relatively uncommon and adopted children often have physical, intellectual and/or emotional problems. 8 In traditional or customary adoption in non-westernized societies, the children are often not orphaned and adoption is often arranged between the biological and the adoptive parents. Reasons include the giving of children by those with children to childless families, or to those who have recently lost a child, either as a gift or as a sharing of responsibilities. Very often the adoption is within the extended family. 9 The state plays no role in most of these traditional adoptions and most people are not aware of any laws governing adoption. Dramatic and rapid changes have occurred in Papua New Guinea over the last 50 years. Urbanization and 'development' bring new financial and other social stresses, and are often accompanied by loss of some of the traditional norms relating to sexual behaviour and child-rearing practices. 10 In the urban environment of Port Moresby, adoption is common and is a risk factor for hospital admission. Gastroenteritis was significantly more common as a cause of admission in adopted children than in the overall admitted population, indicating that a difference in feeding practices might contribute to the high admission rate. This is further highlighted by the nutritional data. While the general level of nutrition of all children in the inpatient study was poor by international standards, but compatible with the results of earlier nutritional studies in Papua New Guinea, 11 the adopted children were more malnourished than controls. They were both lighter and shorter, although there was no difference between the groups in weight-for-height. Differences in nutritional status were even more marked when patients with gastroenteritis were excluded from the analysis (thus removing possible confounding effects of dehydration). This suggests that stunting, which is associated with chronic malnutrition, 12 is the most important growth problem associated with adoption.
Although no complete assessment of feeding practices was made the high prevalence of bottle feeding in the adoptive group -and indeed the much lower but still high prevalence in the control groupis of major concern. There is strong evidence for the protective effect of breastfeeding against gastroenteritis, and the association of bottle-feeding with gastroenteritis particularly in countries where standards of hygiene are poor. [13] [14] [15] [16] Papua New Guinea has legislation to protect breastfeeding 17, 18 and an infant feeding policy which actively discourages bottle-feeding and promotes cup and spoon-feeding for babies for whom breastfeeding is not available. 19 However, laws and policies are useless unless enforced and unfortunately there is strong evidence that neither the legislation nor the feeding policy is being applied. 20 Adopted children were more likely to be from younger mothers, and young age has been associated with low birthweight. 21 It is thus possible that some of the differences in nutritional status between cases and controls may have originated in utero.
Although mortality was higher in cases than controls the difference did not reach significance possibly due to the small size of the sample. The higher mortality is, however, entirely consistent with the study from Goroka, which showed adoption to be associated both with marasmus and mortality. 4 It is possible that both the higher admission rates and the higher mortality in adopted children may result from a higher risk of disease, caused, for example, by a higher rate of low birthweight, or from general neglect and delay in seeking medical attention, or both.
Having a single or an unmarried mother was strongly associated with adoption. One in three of the biological parents of the adopted children were single and one in six were less than 20 years of age. Seven (17.5 per cent) of the 40 children were orphans and 12 (30 per cent) of the children were adopted because of neglect or abandonment. In the highlands outpatient study from Mount Hagen 24 per cent of the mothers were single, while 28 per cent of the adopted children were orphans and 10 per cent had been abandoned. These differences reflect the very high maternal mortality in rural areas and the disintegration of social and traditional social structures in the urban setting. Our study clearly adds to the evidence that adoption in Papua New Guinea is associated with adverse effects on children's health. Adopted children had an increased risk for hospital admission, higher incidences of diarrhoea and malnutrition (and probably neonatal sepsis) and possibly an increased mortality rate. A high proportion of adopted children, at least in the urban setting of Port Moresby are born to very young and/or unmarried mothers and it is likely that they may already be disadvantaged at birth as a result of poor intrauterine growth. Being born into such a background is likely to increase the possibility of neglect and poor health seeking behaviour. Disadvantage is further compounded by the increased risk of bottle feeding with its potential deleterious effects on nutritional status.
With increaseing urbanization it is almost inevitable that the prevalence of adoption will increase. The increase will, without a doubt, be compounded by AIDS orphans. Whilst the number of HIV infected adults and children in Papua New Guinea are, by international standards, small, the HIV epidemic is spreading exponentially, as it has in many other parts of the world where spread is primarily heterosexual. 22, 23 The enormous problem of caring for and providing homes for AIDS orphans has recently become the focus of international attention. 24, 25 Legislation to cover both customary and statutory adoption exists, but at present only a very small proportion of adoptions in Papua New Guinea are formalized through the Department of Home Affairs and Youth. Whether or not mandatory adoption procedures would be beneficial is questionable and they would certainly be extremely difficult, if not impossible, to enforce. Other ways need therefore to be found to detect children who are at high risk of adoption (perhaps even before they are born) and to provide the means whereby their rights, and the 
